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I. INTRODUCTION 


The TF34 Quiet Nacelle acoustic test program was conducted by the NASA 
Lewis Research Center and the General Electric Company during the time period 
from March to November, 1972. The test site was located at the Edwards Flight 
Test Center in California. 

A basic goal of the program was to demonstrate a reduction of 26 PNdB in 
the aft fan noise radiated to the 500 ft sideline, through the application of 
acoustic treatment. However, pre-test predictions indicated that at design 
speed, only 16.5 PNdB reduction would be measurable at the max aft sideline 
angle, due to the masking effect of jet noise. It was also a possibility that 
high-frequency fan noise might "bypass" the acoustic treatment by leaking 
through the flexible seals in the fan flowpath, and exiting out through 
the bay cooling annulus. A secondary objective thus arose, namely that 
of isolating the constituent noise sources on a component -by- component 
basis; this would allow a true determination of fan noise suppression achieved, 
and hopefully make possible the identification of any extraneous noise sources 
that might arise to interfere with the achievement of the basic suppression 
goals . 

It was with this later objective in mind that an extensive system of special 
nearfield acoustic instrumentation was proposed for use during the testing. 

This system included acoustic probes, the directional acoustic array, nearfield 
microphones, and flush-mounted Kulite pressure transducers. The design, 
operation, and test results from each of these items are the subject of 
this report. 
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II. DESCRIPTION OF TEST SET-UP AND INSTRUMENTATION 


A. Test Program 

The overall TF34 Quiet Nacelle Acoustic Test Program consisted of a 
series of 26 separate configurations, based on the TF3^ engine with acoustic 
suppression.^"* There were four basic objectives to the program; these were: 

(1) The determination of the baseline unsuppressed noise signature 
of the TF34-GE2 engine. 

(2) The investigation of massive fan and core noise acoustic suppression, 
including the effect of acoustic treatment on fan source noise gen- 
eration. A specific goal was to obtain a 26 PNdB reduction in aft 
fan noise measured on a 500 ft. sideline, 

C3) The determination of the overall noise signature of the acoustically 
suppressed TF34 engine, employing various fan and core nozzle exhaust 
systems; to be used as a baseline for powered-lift system tests. 

(A) The investigation of the noise inherent in the various powered lift 
wing/engine systems, such as external blown flaps, and the deter- 
mination of means to reduce this noise. 

The last two objectives could be obtained adequately with the use of 
far field acoustic instrumentation; the first two, however, required an instru- 
mentation system that would allow a detailed, component by component study of 
the noise generation and suppression. There were five basic test configurations 
run to obtain these first two objectives: 
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(1) Baseline unsuppressed engine test — to establish the baseline 
noise signature of the untreated TF34 engine. 

(2) Fully suppressed engine test (inlet splitters forward) - to 
demonstrate massive fan noise suppression, and to determine 
possible effects of treated splitters on fan source noise. 

(3) Fully suppressed engine test (inlet splitters moved aft) - to 
determine effects of closer fan-splitter spacing on fan source 
noise generation and fan inlet noise suppression. 

(4) Fully suppressed engine test - as a baseline for the unsuppressed 
core testing. 

(5) Suppressed engine test with core acoustic suppressor removed - to 
establish the unsuppressed core noise signature, and investigate 
core noise suppression. 

B. Engine and Instrumentation Configuration 

( 2 ) 

The baseline unsuppressed TF34 engine (Figure II B-l) is a 9000-pound 
thrust class high bypass (6:3) turbofan engine, with a fan tip diameter of 
44 inches. The rotor-exit guide vane spacing is extremely close (^1/4 blade 
chord) . 

(1 3) 

The TF34 suppressed nacelle' * (Figure II B-2) consists of massive 
acoustic suppression in the inlet and fan and core exhausts. The inlet sup- 
pressor is an aluminum honeycomb resonator configuration, employing three treated 
splitters. The fan and core exhaust suppressors are bulk absorber configurations, 
composed of varying thicknesses in order to "tune" the suppression over a wide 
range of frequencies. Two treated splitters are employed in the fan exhaust. 
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The predicted noise reductions for the inlet suppressor were as high as 
32 dB SPL; those for the fan exhaust were up to 37 dB SPL. However, as was 
pointed out in the introduction, the resulting suppressed fan noise levels would 
be well below those from other components such as the jet, making it impossible 
to measure the full noise suppression on farfield microphones. The possibility 
also arose that the suppression goals might not be met. This contingency would 
require the ability to "sort out" the various noise component levels, in order 
to determine whether the failure was due to inadequate acoustic suppression 
performance, or to possible contamination by some extraneous noise source, such 
as fan noise bypassing the treatment. A third problem area was the determination 
of the effect of the inlet and fan exhaust splitters on fan source noise genera- 
tion. This would of course require acoustic measurements to be made directly 
in the flow ducts. 

The nearfield acoustic instrumentation system was designed in order to 
resolve the above problems. The instrumentation sytem consisted of the following 
components : 

(1) Traversing Acoustic Probes and Core Rakes - Two probes and the 
core rake were employed on the baseline engine test; four probes and the core 
rake on the fully suppressed engine. The purpose of these probes was to deter- 
mine the source noise power levels upstream and downstream of the fan, and in 
the core engine exhaust. The two "extra" probes in the suppressed nacelle 
provided a measure of the total noise reduction over the acoustic treatment. 

The traversing probes also provided a means to determine the radial distribu- 
tion of the source noise in the duct, the key item in the radial positioning of 
acoustically treated splitters. 
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(2) Flush Mounted "Kulite" Pressure Transducers - The suppressed engine 
contained ten Kulites axially spaced along the outer wall of the treated fan 
exhaust duct. Seven Kulites were also placed along the outer wall of the treated 
fan inlet duct. These transducers were used to determine the "decay rate" of 
fan noise as a function of acoustic treatment length, 

(3) Directional Acoustic Array - Use of this apparatus made possible the 
determination of the noise signature radiated to the farfield from specific 
noise source locations on the engine (fan inlet, fan nozzle, core nozzle, etc.) 
Knowledge of the directivity patterns of the various sources allows a more 
exacting determination of the effects of specific treatment on farfield noise. 

(4) Nearfield Microphones - Ten microphones, placed along an eight-foot 
sideline, were used in conjunction with the directional array to aid in the 
determination of constituent noise signatures. 

Figure II B-l indicates the general locations of the nearfield instru- 
mentation employed on the baseline unsuppressed engine. Figures II B-2 and 
II B-3 are similar sketches for the suppressed nacelle. 

Tables II B-l and II B-2 are a summary of the five basic test configurations 
which employed the near field instrumentation, listing the run numbers, test dates, 
etc. Each configuration has been assigned a reference number. The legends of 
all the acoustic data plots are keyed to this reference number, as an aid in 
determining the exact configurations being compared. 
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TABLE II B-l 


SUMMARY OF TF34 


NEARFIELD ACOUSTIC TESTS 


REF. 

TEST 

NO 


1 


2 

On 


3 


CONFIGURATION 


1 

1 

§ 

x 

M 




M H 







NOTES AND COMMENTS 


BASELINE UNTREATED 








(l) ONE INLET PROBE, ONE FAN EXHAUST PROBE 

ENGINE, S-JA WAIST COWL ♦ 
INLET BELLHOUTH 

,(1) 

4<*> 






ON THIS CONFIGURATION 

RUN NUMBER 

1 






TEST DATE 

3/30/72 

3/30/72 

3/29/72 






DATA Pul NT NOS. 
TYPE OF DATA RED. 

35 - 3» 

35 - 38 

17 - 19 






1/3 OCTAVE BAND • 

X 

X 

X 






NARROW BANDS 

X 

X 

X 






FAN PHYSICAL SPEED PTS. 

3 

3 

3 







5100-6910 

5100-6910 

5100-6830 






FULLY SUPPRESSED (BULK FAN 








(I) TWO INLET PROBES, TWO FAN EXHAUST PROBES 

EXHAUST AND CORE EXHAUST) 








(2) DIRECTIVITY ARRAY MEASUREMENTS AT 7 

SEPARATE FLOW, A 28- 7 90 in. , 








FARFIELD ANGLES , POINTED AT 9 ENGINE STATIONS 

A 8*2 BO in. 2 INLET SPLITTERS 








FOR EACH ANGLE 

FORWARD 
RUN NUMBER 

7<1. 

7 

7 

g(3> 

5*7 ^ 

6< a > 

6 

(3) 7 KULITES IN INLET, IO KUUTBS IN FAN 

TEST DATE 

6/2/72 

6/2/72 

6/2/72 

6/6/72 

5/23, 6/3/72 

5/26 5/30 

5/26/73 

EXHAUST DUCT 

DATA POINT NOS. 

119 

124 

116-118 

153-156 

71,72 

06-138 

77-10 

77*78,80 



125-127 

126-130 


158-161 








162 

143 




TYPE OF DATA RED. 









1/3 octave band 

X 

X 

X 



X 

X 


NARROWBAND 

X 

X 

X 

X 

X 

X 

X 


FAN PHYSICAL SPEED PTS. 

3 

3 

3 

5 

4 

3 

3 



5100-6910 

5100-6880. 

. 5100-6950 

5100-wut 

5100-7140 

5100-wut 

5100-wx 


FULLY SUPPRESSED (BULK FAN 








(1) 7 KULITES IN INLET, 4 KULITES IN FAN 

EXHAUST AND CORE EXHAUST) 








EXHAUST DUCT 

SEPARATE FLOW, FULL BLANKET, 








(2) DIRECTIVITY ARRAY MEASUREMENTS AT 5 

INLET SPLITTERS AFT 




,J3> 

lft (l) 

, , (2) 

11 

6/16/72 

FARFIELD ANGIES, POINTED AT 5 ENGINE 

RUN NUMBER 
TEST DATE 

9 

6/10/72 

9 

6/io/?a 


10 ^ 
6/15/72 

10 

6/15/72 

11 

6/16/72 

STATIONS FOR EACH ANGIE 

DATA POINT NOS. 

167-173 

172 


198-202 

198-202 

210-227 

210,211 



175 

174-180 





20 


TYPE OF DATA RED. 








‘ 

1/3 OCTAVE BAND 

X 

X 




' X 

X 


NARROWBAND 

X 

X 


X 

X 

X 

X 


FAN PHYSICAL SPEED PTS 

3 

3 


5 

5 

3 

3 



5100-7080 

5100-7080 


5100-nx 

5100-w 

5120-7030 

500-7000 




TABLE II B-2 


SUMMARY OF TF34 NEARFIELD ACOUSTIC TESTS 


a $ § B 

a | 1 1 i 

i s I || |i s • 

REF. 5 1 1 a| 15 B 

test : , a si ,s is 

NO CONFIGURATION 2 £ 8 * *• h ® * * 

a 

§1 

il 

NOTES AND COMMENTS 

SEPARATE FLOW, FULLY SUPPRESSED 
BASELINE FOR CORE NOISE TESTS 
RUN NUMBER 
TEST DATE 

4 DATA POINT NOS. 

TYPE OF DATA RED. . 

1/3 OCTAVE BAND 

narrowband 

FAN PHYSICAL SPEED PTS. 



36,37 (l) 
11/9 , iq/72 
676-683 
692-699 

X 

X 

8 

1948-6910 


' 



(1) DUE TO PROBLEMS WITH THE CORE RAKE 
MICROPHONES A REPEAT RUN WAS NECESSARY 

AS ABOVE, BUT WITH CORE EXHAUST 
ACOUSTIC TREATMENT REMOVED 
RUN NUMBER 
TEST DATE 

5 DATA POINT NOS. 

TYPE OF DATA RED. 

1/3 OCTAVE BAND 
NARROWBAND 

FAN PHYSICAL SPEED PTS. 

1 


4o 

11/18/72 

710-717 

X 

X 

8 

1968-6895 

1 


i 


(1) RUN 38 ABORTED DUE TO RAIN, AFTER ONE 
SPEED POINT WAS RUN 




FIGURE II B-l 


TF34 BASELINE UNSUPPRESSED ENGINE 

NEARFIELD ACOUSTIC INSTRUMENTATI ON LOCATIONS 
(TEST 1) 




FIGURE II B-2 


TF34 SUPPRESSED NACELLE 

:;earfield acoustic instrumentation 

INTERNAL TO ENGINE 
(TESTS 2-5) 


10 KULITE PRESSURE 
TRANSDUCERS SPACED ALONG OUTER WALL 




FIGURE II B-3 


TF34 SUPPRESSED NACELLE 

NEARFIELD ACOUSTIC INSTRUMENTATION 
EXTERNAL TO ENGINE 

(TESTS 2 & 3) 



VARIOUS ENGINE STATIONS 



III. NEARFIELD ACOUSTIC INSTRUMENTATION 


A. Acoustic Probes 

1. Design 

The acoustic probes (shown schematically in Figure III A-l) basically con- 
sist of a stainless steel waveguide with a streamlined tip containing rows of 
small holes which allowed the sound pressure to enter. A microphone was located 
at the opposite end of each probe, which was also attached to an "infinite 
length" termination coil designed to prevent internal reflections. An actuator 
system was employed on all the fan probes , in order to allow the sensing element 
to be traversed radially in and out of the duct, so that measurements could be 

i 

taken at any radial immersion desired. The core acoustic rake consisted of 
four stationary probe elements, symmetrically spaced across the duct, each 
element leading to its own microphone. All probes and rakes were previously 
calibrated in a laboratory test duct, using a known acoustic input signal. 

The resulting correction factors for each probe and • the rake are listed in 
Tables III A-l and III A-2. 

2 . Data Acquisition 

Two fan duct acoustic probes and the core rake were employed on the 
unsuppressed baseline configuration. The probe locations were in the inlet 
just ahead of the fan, and In the fan exhaust duct just downstream of the fan; 
Figure III A-2 is a detailed sketch of these probe locations. The core exhaust 
rake was set up in the core exhaust ducp plane (Figure III A-3) . Even though 
the rake was not designed for the unsuppressed core duct (the span of the 
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elements was not great enough to sample the entire duct) it was used In an 
attempt to get a preliminary estimate of the unsuppressed core noise levels. 

Four fan duct acoustic probes were used on the fully suppressed nacelle, 
for both the inlet splitters forward and inlet splitters aft testing. One 
probe was employed in the inlet upstream of the inlet splitters, the second 
just downstream of the inlet splitters and ahead of the fan rotor, the third 
just downstream of the fan rotor at the beginning of the fan exhaust treatment, 
and the fourth just downstream of the fan exhaust splitters. The two inlet probe 
locations are detailed in Figure III A-4, the fan exhaust probe locations in 
Figure III A-5. The core exhaust probe was located in the core exhaust duct 
plane (Figure III A-6) , and was employed only on the splitters forward test. 

For all three tests, probe and rake data was recorded at three speed points; 
5100 rpm, 6200 rpm, and max power ('WOOO rpm) . For each speed, the probes were 
traversed in and out, and data were recorded at each of a pre-selected set of 
radial immersion depths, tabulated in Table III A— 3. Due to constraints imposed 
by the probe structural critical frequencies, certain immersion depths were not 
used during the runs with the inlet probes , in order to prevent possible damage 
to the fan rotor. 

A special set of tests employing the core rake was run later in the program, 
to investigate core noise. A range of eight speed points, from max power down 
to approximately 2000 rpm, was used in an attempt to allow the separation of 
true core noise from the jet noise background. 
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3. 


Data Reduction 


The data from each probe at each immersion, and from each rake element, 
was analyzed on both a 20 Hz narrowband and one-third octave band basis, from 
50 Hz to 10 KHz. The probe correction factors were applied to the one-third 
octave data, and the acoustic power levels in the duct at each probe measuring 
plane were calculated by logarithmically summing the levels at each immersion 
(applying a power factor correction based on the duct area). 

B . Flush Mounted Kulite Pressure Transducers 

1. Design 

The Kulite pressure-sensitive transducer consists basically of a small 
diaphragm on which are etched four semi-conductor strain gages, arranged in 
the form of a Wheatstone bridge. There are two leads in for the D.C. input to 
balance the bridge. Pressure signals sensed by the diaphragm cause distortion 
of the strain gages and changes in their resistance, which results in an output 
electrical signal which is then carried out on two leads to the signal condi- 
tioning equipment. The Kulites are calibrated before use by means of a known 
pressure signal input. 

2 . Data Acquisition 

Kulite transducers were employed only on the fully suppressed nacelle 
testing. For the inlet splitters forward configuration, seven Kulites were 
flush mounted along the inlet outer wall, at the locations detailed in Figure 
III A-4 of the preceeding section. Ten Kulites were flush mounted along the 
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outer wall of the fan exhaust duct, at the locations detailed in Figure III A- 5 
of the preceeding section. Only twelve Kulites were available for use, so the 
inlet and aft data were acquired on two separate runs. For the inlet splitters 
aft configuration, both inlet and aft Kulites were recorded on the same run. 
Seven Kulites were employed in the inlet, exactly as before, but only four 
were emplaced in the fan exhaust; these were numbers Kl, K2, K7 and K8 (Figure 
III A-5) . It was throught that four fan exhaust duct Kulites would be enough 
to monitor any possible changes in aft fan noise due to closer inlet splitter 
spacing. 


3. Data Reduction 

The data recorded on each Kulite transducer was analyzed on a 20 Hz 
narrowband basis, from 50 Hz to 10 KHz. 

C. Directional Acoustic Array 

1. Design 

The directional acoustic microphone array (Figure III C-l) consists of a 
rigid beam containing fourteen equally spaced microphones, and associated 
shading and summing electronics. This shading of the individual microphones 
results in the entire system having a "focal" point, similar to a parabolic 
reflector; thus, the array may be aimed at a point source, and record the 
noise from that particular source. An omni-directional microphone is also 
mounted on the array, to record the total noise signal for all sources. The 
on-axis gain of the total system is 19 dB, relative to the output of a single 
microphone element. The design of the array encompasses a frequency range 
from 1,25 KHz to 6.3 KHz. The array "sensitivity characteristics" over this 


14 



frequency range are shown in Figure III C— 2. The peak at zero degrees represents 
the on— axis sensitivity of the array; this falls to the horizontal line representing 
the effective side lobe suppression* Additional peaks represent off-axis major lobe 
sensitivity, an undesirable side-effect inherent in an array design exhibiting 
narrow "sensitivity beam" patterns* Given two side— by— side noise sources of equal 
amplitude, when the array is "focused" on source 1, source 2 must be suppressed by 
at least 6 dB by the side-lobe suppression to insure minimum interference with 
source 1. Examination of the array sensitivity characteristics in Figure III 
C-2 shows that this "6 dB down" point occurs at 2*5° angle for 1.25 KHz, and at 
l u angle for 6.3 KHz; thus at 1.25 KHz, the array can resolve equal amplitude sources 
that subtend an angle of 2.5° with the axis; at 6.3 KHz, the resolution capability 
narrows to 1°). Figure III C-3 is a schematic representation of these resolution 
limits. At a measurement radius of 50 ft., a 2.5° angle Intersects a linear 
distance of 2.2 ft. on the engine; this is less than the separation distance of 
the major sources on both the suppressed and unsuppressed nacelles. 

The array side lobe sensitivity actually achieved is greater than the 
design goal of —40 dB relative to the on— axis sensitivity. This difference 
arises from atmospheric conditions which cause the acoustic signal to arrive 
at each microphone element at a less than optimum phase relationship. The side 
lobes, off axis major lobes, atmospheric disturbances, ground reflection, large 

source size ^as opposed to the optimum point source), the tolerance involved 

✓ 

in placing the microphone elements on the proper radius of curvature, and the 
tolerance of each microphone sensitivity, are all potential contributors to 
system inaccuracy. 
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2 . 


Data Acquisition 


For the suppressed nacelle testing, the array was located in the sound 
field at angles of 30°, 50°, 70 u , 90°, 100°, 110°, and 130° (relative to the 
inlet) , at varying radii of 50 ft. to 72 ft. At each measurement angle, the 
array was pointed at each of 9 different engine positions (See Figure III C-4) ; 
acoustic data was recorded from each combination of angle and pointing position 
for three speed points; 5100 rpm, 6200 rptn, and max power (^7100 rpm) . 

Previous acoustic tests employing the array had been run on an unsuppressed 
TF34 engine (on the same test site) which was almost identical to the baseline 
unsuppressed engine for these tests, ^ ^ The data from those tests was employed 
as a baseline for the array testing on the fully suppressed nacelle; Figure 

III C-5 is a sketch showing the measuring positions employed for the unsuppressed 
engine. 

The array was also used on the fully suppressed nacelle test with the 
inlet splitters moved aft. On this configuration, the same positions shown 
in Figure III C-4 were employed, with the exceptions that the 70° and 90° 
measurement angles and the two fan casing and two core exhaust engine measuring 
stations were eliminated. 

The measuring radius used for the array was chosen based on the array 
characteristics and the spacing between the anticipated engine noise sources. 

As an example, for the unsuppressed engine; with th<* array pointed at the fan 
exhaust, the inlet subtends an angle of 2.9° with the array axis when the array 
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is located at the 90° measurement angle on a 50 f:t radius (Figure III C-6). 

For measurement angles of 50° and 130° on a 50 ft. radius, this angle decreases 
to 2.0° (less than the 2.5° minimum resolution at 1.25 KHz), but it was antici- 
pated that fan exhaust noise would not be a problem at 50°, and conversely that 
inlet noise would be relatively low at 130°. A measurement arc of 50 ft. would 
therefore permit noise source resolution down to 1.25 KHz. The off-axis major 
lobes (See Figure III C— 2) fall at 10.5° at 6.3 KHz, and above 50° at 1.25 KHz. 

At 50 ft. distance, these off-axis lobes do not intersect the engine for the 
measurements indicated on the drawing; however, it is apparent that when the 
array is pointed at measuring stations either forward or aft of the fan exhaust, 
the off-axis major lobes for 6.3 KHz will begin to intersect the engine at 
other noise source locations, and corrections will have to be applied. As 
the array is pointed more and more to either side of the fan exhaust, the 
off-axis major lobes for the lower frequencies will also begin to intersect 
the engine source locations. 

The selection of the measurement, arc distance for the array thus becomes 
a trade-off between losing small distances to increase the resolution, and large 
distances to spread the off-axis major lobes further away from the engine 
measuring stations. A third complication is the desire to maintain, as nearly 
as is possible, a constant distance between the array and the source being measured 
to allow a direct comparison of relative source strengths. This is particularly 
important for the long suppressed nacelle. The array measurement arc was 
centered on the core exhaust, and when the array was placed at the forward 
angles ( 30” and 50°), the distance from the inlet was considerablely leas than 
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50 ft. The comparison of inlet to exhaust noise source strengths would thus 
be complicated by the distance factor, with different attenuations, ground 
reflection patterns, htc. It became necessary to place the inlet measurement 
positions at distances of 60 ft. and 72 ft. from the core exhaust. 

3. Data Reduction 

The array output was analyzed up to 10 KHz using a 20 Hz bandwidth filter. 
Th® results were tabulated for pure tones as well as broadband noise over the 
range from 1.25 KHz to 6.3 KHz and corrections for the array characteristics 
were applied. 

D. Near fie Id Microphones 

1. Design 

The microphones employed for the near field testing were standard B&K 
4134 one-half inch condensor microphones, mounted vertically (grazing incidence). 

2 . Data Acquisition 

Ten microphones were employed on the fully suppressed nacelle testing, 
for both the inlet splitters forward and inlet splitters aft configurations. 

The microphones were located along a line eight feet from the engine centerline, 
parallel to the engine axis. The microphone heads were at engine centerline 
height. The microphone locations for both configurations, and their identifying 
letters, were as follows (See Figure II B-3) : 
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Mlc A 
Mlc B 
Mlc C 
Mlc D 
Mic E 
Mic F 
Mlc G 
Mic H 
Mic I 
Mic J 


8 ft. forward of inlet plane 

4 ft. forward of inlet plane 

i 

In the plane of the inlet 

5 ft. aft of the Inlet plane 
In the plane of the fan rotor 

4.5 ft. aft of the fan rotor plane 
In the plane of the fan exhaust 
In the plane of the core exhaust 
4 ft. aft of the core exhaust plane 
8 ft. aft of the core exhaust plane 


3. Data Reduction 

The data recorded on each microphone was analyzed on both a one— third 
octave band and 20 Hz narrowband basis, from 50 Hz to 10 KHz, 
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TABUS III A-I 


TF34 ACOUSTIC PROBE SPL CORRECTIONS IN dB 
(ONE THIRD OCTAVE BAND) 

TO BE ADDED TO RAW PROBE SPL'S 


1/3 O.B. 

Center 

Frequency 


Unsuppressed 

Baseline 


Suppressed Nacelle 


Probe 
No. 1 

Probe 
No. 2 


PT1 

PT2 

PT24 

PT25 

50 



0.6 



0.4 

0.6 

0.5 

63 



0.6 



0.4 

0.6 

0.6 

80 



0.7 



0.5 

0.7 

0.7 

100 


0.8 

0.7 


0.8 

0.5 

0.7 

0.8 

123 


1.0 

0.8 


1.0 


0.8 

0.8 

160 



0.8 




0.8 

0.9 

200 


IKtt 

0.9 




0.9 

0.9 

250 


1.6 

1.0 




1.0 

1.0 

315 


1.8 

1.1 


1.8 


■SSI 

1.2 

400 


2.0 

1.3 


2.0 

2.1 

SIS 

1.5 

500 


2. 2 

1.4 


2.2 

2.5 

mnmm 

mu 

630 


2.5 

1.5 


2.5 

2.8 

WSmk 

m 

800 


2.7 

1.7 


2.7 

3.2 

mSM 

2.3 

1000 


3.0 

2.0 


3.0 

3.4 

2.0 

2.5 

1250 


3.2 

2.2 


3.2 

3.7 

2.2 

2.7 

1600 


3.5 

2.7 


3.5 

3-8 

2.7 

2.8 

; 2000 


3.8 

3.0 


3.8 

4.5 

3.0 

3.0 

2500 


4.4 

rrrmti 


4.4 

4.8 

3.2 

3.5 

3150 


5.0 

3-7 


5.0 

5.5 

3.7 

4.0 

4000 


6.1 

4.4 


6.1 

6.0 

4.4 

4.3 

3000 


6.4 

5.0 


6.4 

6.9 

5.0 

4.7 

6300 


7.4 

5.4 


7.4 

7.5 

5.4 

5.3 

8000 


8.5 

6.7 


8.5 

8.5 

6.5 

5.9 

10,000 


9.5 

7.0 


9-5 

9.5 

7.0 

6.5 


Notes A random incidence correction factor of -2 dB is applied to 

each 1/3 octave band SPL, in addition to the corrections above. 
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TABLE III A -2 


TF34 CORE EXHAUST RAKE CORRECTIONS 
IN dB (ONCE THIRD OCTAVE BAND) 

TO BE ADDED TO RAW SPL DATA FROM RAKE 



Element A 

Element B * I 

Element C 

Element D 

1/3 O.B. 

Probe 

Elect 

Total 

Probe 

Elect 

Total 

Probe 

Elect 

Total 

Probe 

Elect 

Total 

Center 

Corr , 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Frequency 













30 

0.4 

0.52 

0.92 

0.5 

0.99 

1.49 

6.5 

0.81 

1.31 

0.5 

0.41 

0.91 

63 

0.4 

1-33 

1.73 

0.5 

1.60 

2.10 

0.5 

1.30 

1.8 

0.5 

0.97 

1.47 

80 

0.4 

1.15 

1.55 

0.6 

1.40 

2.0 

0.55 

0.91 

1*46 

0.55 

0.54 

1.09 

100 

0.5 

0.9 

1.40 

O .65 

1.20 

1.8? 

0.6 

0.96 

1.56 

0.6 

0.79 

1.39 

125 

0.6 

0.28 

0.88 

0.7 

0.53 

1.23 

0.7 

0.30 

1.0 

O .65 

0.19 

0.84 

160 

0.7 

O .58 

1.28 

0.75 

0.49 

1.24 

O .85 

0.36 

1.21 

0.7 

— 0 • 04 

0.66 

200 

0.8 

0.45 

1.25 

0.85 

0.79 

1.59 

1 . 1 

0.23 

1.33 

0.75 

0.08 

0.83 

250 

0.9 

-0.03 

0.87 

0.9 

-0.05 

O .85 

1.2 

-0.01 

1.19 

1.1 

0. 

l.l 

315 

1.1 

0.45 

1.55 

1.0 

0.45 

1.45 

1.3 

0.5 

1.8 

1.2 

0.05 

1.25 

400 

1.2 

O .38 

1.58 

1.2 

0.16 

1.36 

1.4 

0.38 

1.78 

1*35 

0.5 

1.85 

500 

1.3 

0.29 

1.59 

1.5 

O .29 

1.79 

1.? 

0. 14 

1.64 

1.5 

- 0.07 

1.57 

630 

1.4 

0.51 

1.91 

1.6 

0.45 

2.05 

1.6 

0.34 

1.94 

1.8 

0.2 

2.0 

800 

1.7 

0.16 

1.86 

1.7 

O .16 

1.86 

1.9 

0.49 

2.39 

2.0 

0.06 

2.06 

1000 

1.8 

0.42 

2.22 

1.9 

0.57 

2.47 

2.0 

0.37 

2.37 

2.2 

0.17 

2.37 

1250 

2.0 

0.22 

2.22 

2.1 

0.30 

2.4 

2.2 

0.12 

2.32 

2.4 

- 0.06 

2.34 

1600 

2.2 

0.59 

2.79 

2.4 

0.36 

2.76 

2.5 

0.35 

2.85 

2.7 

0.23 

2.93 

2000 

2.6 

0.8 

3.40 

2.7 

0.54 

3.24 

2.9 

o.4i 

3.31 

3.0 

0.02 

3.02 

2500 

2.9 

0.27 

3.17 

3.0 

0.02 

3.02 

3.2 

0.31 

3.51 

3.4 

0.17 

3.57 

3150 

3-2 

0.44 

3.64 

3.4 

0.69 

4.09 

3.5 

1.02 

4.52 

3.7 

0.59 

4.29 

4000 

3-6 

0.77 

4.35 

3.8 

0.53 

4.33 

4.0 

0.45 

4.45 

4.2 

-0.12 

4.08 

5000 

4.0 

0.76 

4.76 

4.2 

0.67 

4.87 

4.5 

0.83 

5.33 

4.7 

0.2 

4.9 

6300 

4.5 

0.98 

5.48 

4.7 

0.74 

5.44 

5-0 

0.79 

5-79 

5.4 

0.69 

6.09 

8000 

5.0 

0.85 

5.85 

5.3* 

1.10 

6.4o 

5.6 

0.9 

6.5 

5.9 

0.24 

6. 14 

10,000 

5-5 

1.40 

6.90 

5.8 

1.40 

7.20 

6.0 

1.15 

7.15 

6.5 

1.05 

7.55 


\ 

Note: A random incidence correction factor of -2 dB is applied to each 

1/3 octave band SPL, in addition to the corrections above. 
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TABUS III A-3 


TFJ4 QUIET NACELLE TESTING 
ACOUSTIC PROBE IMMERSION DEPTHS 
(MEASURED IN INCHES FROM OUTER WALL) 


■ 

UNSUPPRESSED BASELINE 

FULLY SUPPRESSED BASELINE 

PROBE #1 

PROBE #2 

PT 1 

PT2 

PT24 

PT25 

5100 RPM 

6200 RPM 
& 

MAX POWER 

ALL SPEEDS 

5100 RPM 

6200 RPM 
& 

MAX POWER 

5100 RPM 

6200 RPM 
& 

MAX POWER 

ALL SPEEDS 


1 

2 

2 

i 

2 

2 

2 

2 

1 

1 

2 

4 

4 

2 

4 

4 

4 

4 

2 

2 

3 

6 

6 

3 

6 

6 

6 

6 

3 

3 

4 

8 

8 

4 

8 

8 

8 

8 

4 

4 

5 

10 

io 

5 

10 

10 

10 

10 

5 

5 

6 

12 

11 

6 

12 

14 

12 

14 

6 

5.5 

7 

12.5 

14 

7 

16 

16 

15 

15 

— 

— 

8 

— 

— 

— 

18 

18 

— 

— 

— 


9 

-- 

— 

— 

20 

20 

— 

— 

r- 

— 

10 


— 

— 

22 

22 


— 

— 

— 


FOUR ELEMENT CORE RAKE IMMERSION DEPTHS (MEASURED IN INCHES FROM OUTER WALL) 


ELEMENT 

BASELINE UNSUPPRESSED CORE 

SUPPRESSED NACELLE CORE 

A 

1.40 

0.55 

B 

2.38 

1.53 

C 

3.48 

2.63 


D 


4.64 


3.79 
































FIGURE III A-l 


SCHEMATIC OF ACOUSTIC PROBE SYSTEM 
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FIGURE III A-2 


TF34 BASELINE UMSUPFRESSED ENGINE 
FAN INLET & EXIT PROBE LOCATIONS 
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FIGURE III A -6 CORE EXHAUST RAKE IN PLACE ON TF3^ QUIET NACELLE 
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DIRECTIONAL MICROPHONE ARRAY 










ARRAY AXIS 
0 ° 


l 



ACOUSTIC DIRECTIVITY ARRAY RESOLUTION CAPABILITY 
FIGURE III C-3 
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FIGURE III C-4 


DIRECTIONAL ACOUSTIC ARRAY POSITIONING ON TF3 J + FULLY SUPPRESSED. INLET SPLITTERS FORWARD 


ENGINE STATION POSITIONING 




ENGINE POSITIONS 



90° 

FIGURE III C-5 


DIRECTIONAL ACOUSTIC ARRAY POSITIONING ON TF34 
BASELINE CONFIGURATION 


ARRAY AXIS (POINTED AT 
PAN EXHAUST) 

VECTOR BETWEEN ARRAY 
CENTER AND INLET 

LOCATION OP CLOSEST OFF 
AXIS MAJOR LOBE (10 l/2 
AT 6.3 KHz) 


:.oV// \ 2.9' 
\ 


/~10 1 / 2 * 
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>. I 


(15.24 m.) 

_ 50 FT. MEASUREMENT ARC 
CENTERED ON FAN EXHAUST 


FIGURE III C-6 

ACOUSTIC DIRECTIVITY ARRAY MEASUREMENTS ON TF34 UNSUPPRESSED 
BASELINE ENGINE, ARRAY POINTED AT FAN EXHAUST 



IV. TEST RESULTS 


A. P rob es 

One-third octave band PWL spectra were calculated for all acoustic probe 
runs, as outlined in Section III* A. These PWL spectra are compared in this 
section. It should be noted here that the probe-recorded broadband noise is 
subject to the high noise floors inherent in acoustic probe measurements* The 
probe records the "true noise" signal, local aerodynamic pressure fluctuations, 
and noise generated by flow over the probe. All of these sources are seen as 
broadband noise and are inseparable without knowing the individual levels. For 
these reasons, it is customary, when attempting to measure noise suppressions 
obtained, to only consider the pure tones. Nevertheless, it is felt that total 
spectral comparisons of probe data can be of some use, where systematic differences 
in broadband levels indicate the presence of a dominant fan noise signal, 
although not being an absolute measure of its magnitude. 

Figures IV A-l through IV A- 3 are comparisons of the PWL spectra measured 
on the inlet probes for the baseline and the suppressed, splitters forward 
configurations for three power settings. Baseline nacelle probe No. 1 and 
suppressed nacelle probe PT2 are spaced almost an identical distance ahead of 
the fan rotor, and a direct comparison is thus possible (suppressed nacelle 
probe PT1 is placed immediately upstream of the inlet splitters). Comparison of 
the data (Probe 1 vs PT2) indicates that the presence of the splitters had no 
significant effect on the fan source noise as regards pure tones. The splitters 
do cause an apparent low frequency broadband noise increase, especially at 
5100 RPM. The marked increase in spectral levels between 500 Hz to 2 KHz, 
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evidenced in the 6200 RPM and maximum power data is due to the onset of the 

i 

generation of multiple pure tones. The PWL spectra recorded on probe PT1 are 
indicative of the massive pure tone and MPT suppressions achieved through the 
inlet treatment. 

Figures IV A-4 through IV A-6 are corresponding PWL spectral plots from 
the fan exhaust duct acoustic probes on the baseline and suppressed, splitters 
forward configurations. Here the baseline nacelle probe No. 2 and the suppressed 
nacelle probe PT2A are in somewhat different locations in respect to the fan, 
probe No. 2 being closer to the rotor exit plane. The fan source noise will 
thus be somewhat more attenuated when it reaches probe PT24 than it would be at 
probe No. 2* Comparison of the PWL spectra at all three power settings shows 
that the levels recorded on probe No. 2 are systematically higher, especially 
at the higher frequencies. When the differences in measuring position are taken 
into account, it appears that the presence of the splitters has little effect on 
fan source noise In the exhaust. The spectra recorded on probe PT25, downstream 
of the fan exhaust splitters, show that all pure tones have been removed by the 
treatment. Comparison of the Inlet and fan exhaust PWL spectra would indicate 
that the exhaust suppressions achieved were less dramatic than those in the 
inlet. It should be remembered, however, that the downstream exhaust probe PT25 
is in a relatively high velocity flow near the fan nozzle exit. The levels 
recorded on this probe are M swamped M by extraneous broadband noise and pseudo- 
noise sources, with the true fan exhaust levels being considerably lower. Data 
from the acoustic directivity array (Section IV. C.) lends credence to this 
conclusion by showing much larger aft fan broadband suppression values. 
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Figures IV A-7 through IV A-12 are direct comparisons of the probe PWL 
spectra recorded from all fan acoustic probfes in the suppressed nacelles, for 
the inlet splitters forward versus inlet splitters aft configurations. As 
regards the fan source noise levels (probes PT2 and PT24), there seems to be 
little or no systematic difference, in either the inlet or fan exhaust, between 
splitters forward and splitters aft data. The low frequency broadband noise 

increase indicated on the inlet probe PT2 , for the splitters forward test, does 

not occur for the splitters aft configuration; also the second harmonic tone in 
the fan exhaust (PT24) seems to be somewhat stronger with splitters forward at 
6200 RPM, but this situation is reversed at max power. Comparison of the 
suppressed fan noise levels (probes PT1 and PT25) indicates that the splitters 
forward data is consistently higher than the splitters aft data, for both inlet 
and fan exhaust. Part of this difference may be due to the fact that the test 
speed points were set on the basis of physical fan speed and the splitters 

forward probe testing was run on a colder day, thus resulting in higher power 

settings. However, even If this power setting difference is taken into account, 
the resulting shift in levels would still not collapse the two sets of data. 

In any case, this apparent difference is not measurable in the far fie Id, either 
on the farfield microphones or on the directivity array. 

Figures IV A-13 through IV A-15 are comparisons of the baseline fan probe 
total power levels (Inlet + fan exhaust) and the measured baseline farfield 
PWL spectra for the corresponding power setting. These comparisons show that 
at least for 800 Hz and above, where jet noise is not present, the unsuppressed 
baseline probes are measuring true fan noise, both for pure tones and broadband. 
They are also an indicator of the domination of the farfield noise signature by 
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unsuppressed tan noise. Figures IV A- 16 through IV A-18 are similar comparisons 
of fan probe and farfield PWL spectra, for the fully suppressed nacelle with 
inlet splitters forward; here the total suppressed fan probe noise level is 
arrived at by summing the spectra recorded on probes PT1 and PT25. The fan 
probe levels above 800 Hz are seen to be higher than the total engine noise levels 
measured in the farfield. It is evident that the high frequency broadband 
noise recorded on these probes is not true fan noise and that, indeed the data 
from the probes is swamped by pseudo-noise which does not radiate to the farfield. 

Figures IV A- 19 through IV A- 21 are comparisons of the core rake PWL 
spectra recorded on the unsuppressed baseline and fully suppressed nacelle. 

.the core exhaust ducts for the two configuraitons are quite different, the 
suppressed duct being much longer and narrower than the baseline. The basic 
noise transmission characteristics through these ducts vary as well, so much 
so that a valid measure of the core suppression effectiveness is not obtainable 
from this data; it is presented here for purposes of general comparison only. 

Figures IV A-22 through IV A-29 are core rake PWL comparisons from the 
core noise tests; here both runs were made on the suppressed nacelle, the only 
difference being that for one case the core exhaust suppression was replaced 
with a hardwall duct. The only observable differences between the treated and 
untreated core data are at the very lowest power settings. At 2000 RPM fan 
speed, the core suppression is worth 5-15 db PWL at all frequencies above 
400 Hz; for 3000 RPM, 4000 RPM and 5100 RPM, the only significant differences 
are due to turbine pure tone suppression; above these speeds the differences are 
minimal or non-existant . The fact that measurable suppressions are achieved 
only at very low power settings, regardless of the presence of massive core 
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suppression, would again lead to the conclusion that an extaneous broadband 
noise source was present at least for the higher speed runs. The core rake 
(Figure III A-6) was mounted external to the engine, and incorporated a rather 
large rectangular shield to protect the instrument from the fan exhaust stream; 
it may be that the impingement of the fan stream upon this plate is generating 
noise which is recorded by the rake elements, masking the core noise at the 
higher speed points. 

Figures IV A-30 through IV A-35 are radial profiles of the fan source PWL 
recorded in the inlet, for the baseline case and the two suppressed nacelle 
cases. This radial distribution of acoustic energy is of course important in 
achieving the optimum radial spacing of acoustic splitters. Two sets of 
distribution curves are included, one for the fan fundamental tone, the other 
for the second harmonic tone; within the limits of data scatter, all three 
configurations show the same trends. The fundamental tone energy distributions 
are skewed toward the rotor tip. For an immersion of 2 inches to an immersion 
of 6 inches the PWL decreases rapidly by approximately 10 dB for maximum power 
and 6200 RPM, and about 3 dB for 5100 RPM. For the area between immersions of 
6 to 15 inches, the PWL reduction amounts to about 5 dB for maximum power and 
6200 RPM, while virtually no reduction was seen at 5100 RPM. In the case of the 
second harmonic tone energy, a rapid drop was also noted from 2 inches to 
6 inches immersion depth, but from that point on, the distribution became fairly 
flat for 5100 RPM and 6200 RPM. At maximum power, an irregular pattern was 
found from 6 inches depth to 15 inches depth, possibly due to certain higher 
modes set up in the inlet duct. It seems that a splitter placed to give an 
outer passage height of up to 6 inches would be ideal to reduce the source PWL 
by a significant amount. The outer splitter in the TF34 suppressed inlet was 
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very effectively placed with a passage height of 4.5 inches. No PWL distri- 
butions were plotted for the fan exhaust noise; due to the unfavorable ratio 
of duct height to the wavelength of the fan tone noise, no systematic energy 
distribution was noted. 

Figures IV A-36 through IV A-41 are typical plots of the uncorrected 20 Hz 
narrowband SPL data recorded on the inlet and fan exhaust probes, comparing the 
probe SPL f s ahead of and behind the acoustic treatment. The strong pure tone 
and MPT levels of the fan source noise are apparent, as are the dramatic 
reductions achieved through the acoustic treatment; tone suppressions of up to 
35 dB are evident. Figures IV A-42 and IV A-43 are summaries of the space 
averaged pure tone and MPT suppressions measured by the inlet and exhaust acoustic 
probes at maximum power, for both splitters forward and splitters aft cases. 

These are compared to the predicted suppression spectra; and in every instance, the 
suppressions achieved were equal to or greater than predicted (MPT suppression 
values were not included in the inlet suppression prediction). Broadband fan 
suppressions were not compared, due to the extraneous noise masking the true 
broadband levels on probes PT1 and PT25, 

Figure IV A— 44 is a similar comparison of measured and predicted suppressions 
across the core exhaust treatment, from the 2000 RPM test point of the core 
noise tests. The comparisons here are for broadband as well as turbine pure 
tone noise suppressions; some ’’masking" may have occurred, as has been pre- 
viously discussed, but the achieved reductions still compare favorably to the 
predicted values. 


4Q 



B. Kulite Transducers 

Kulite pressure transducers were employed along the treated outer walls 

t 

of the inlet duct and fan exhaust duct of the suppressed configuration, for 
both the inlet splitters forward and inlet splitters aft runs. 

Figures IV B-l through IV B-7 are plots of the fan pure tone noise signals 
(20 Hz bandwidth) measured on each of the inlet Kulites , for three speed points 
and for both inlet splitter positions. These plots provide a measure of the 
noise "decay" over the acoustic treatment length. Figure IV B-8 is a summary 
of the blade passing fundamental tone suppression per L/H achieved through the 
inlet splitter section for several fan speeds (L “ treatment length, H - treated 
passage height). As can be seen tone noise decays of 40-75 dB were achieved 
through the total inlet, the decay through the splitter section being on the 
order of 20—40 dB. Tone noise decay rates of 3—6 dB per L/H were achieved in the 
splitter section. There seems to be no significant differences in the inlet 
treatment performance between the splitters forward and splitters aft config- 
uration. 

Figures IV B-9 through IV B-14 are plots of the fan pure tone noise decay 
measured on the fan exhaust Kulites, again for three speeds and for both inlet 
splitter positions. Here the pure tone SPL*s transmitted along the fan exhaust 
duct wall were apparently already greatly attenuated by the treatment ahead of 
the fan exhaust splitters. The remaining tone reductions (down to the broadband 
floor) were accomplished in the first three inches of the exhaust splitters. The 
fundamental tone decay measured by the fan exhaust Kulites over this first 
three inches is approximately 5 dB per L/H at the maximum speed. 
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The fact that the fan tone noise hits an apparent "floor” after only three 
inches of splitter length and that no further reduction occurs over the rest 
of the splitter, would suggest the possibility that some extraneous broadband 
noise source was masking further noise reductions existed in the fan exhaust 
duct. Figure IV B-15 is a detailed plot of the noise levels, recorded on the 
exhaust Kulites, for the fan fundamental tone at maximum power, plotted as a 
function of treatment L/H; in this plot the floor is quite obvious. A prediction 
was made of the theoretical broadband noise level that would be generated by 
the airflow over the treatment; this prediction is a function of flow velocity, 
surface roughness, boundary layer thickness, etc,, as is based on published work 
by Ffowcs-Williams . ^ This predicted self-noise for the 20 Hz band centered 
at the fan fundamental frequency is also indicated on Figure IV B-15. It should 
be pointed out that this prediction is only for the actual propagating acoustic 
signal from the flow; the Kulites will also measure the fluctuating aerodynamic 
pressure signals in the duct, but this latter component does not contribute to the 
noise radiated from the exhaust. By the use of correlation analysis techniques 
it is possible to separate out the overall acoustic and aerodynamic components. 
When cross-correlation coefficient between succeeding Kulites is plotted as a 
function of the time delay, y, two peaks will be generated, one at the time delay 
corresponding to the acoustic velocity plus the flow velocity, the other at the 
time delay corresponding only to the flow velocity. The former peak of course 
represents the actual acoustic signal, and the latter the aerodynamic signal; 
the ratio between these peaks may then be used to determine the relative levels 
between the SPL and the fluctuating aerodynamic pressure. Figure IV B-16 is 
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a typical example of such an analysis for the TF34 fan exhaust duct Kulites. 
Figure IV B-17 is the resulting plot of "actual acoustic" OASPL in the exhaust 
duct, compared to the "total signal" OASPL measured by the Kulites. It is 
apparent that the "pseudo-noise" may make up a large proportion of the broadband 
noise floor that the Kulites are measuring. In this rough cut, no attempt 
was made to use filtration techniques to sort out the aero and acoustic 
components of the signal at the fan fundamental frequency. It is, however, 
intuitively obvious that the predicted noise floor in Figure IV B-15 could 
be "in the ballpark", and that the fan exhaust duct noise floor in the TF34 
suppressed nacelle could be due to treatment generated flow noise. 

C. Directional Acoustic Array 

The directional array was used on the tests of the fully suppressed nacelle, 
both for inlet splitters forward and splitters aft. 

The fully suppressed data with inlet splitters aft was seen to exhibit no 
significant differences when compared to the inlet splitters forward configura- 
tion. Figures IV C-l through IV C-4 are comparisons of the uncorrected narrow- 
band data for the two configurations, measured from the fan inlet and fan 
exhaust, for two power settings. The similarity is evident; all of the splitters 
aft data is with + 2 dB of the corresponding splitters forward data, and this 
difference is within the limits of array repeatability. 

Figures IV C-5 through IV C-7 show the SPL spectra measured from the major 
sources (fan exhaust core nozzle, core jet) at the maximum aft angle; also 
included, for reference, are the corresponding speptra from the unsuppressed 
engine test, (The measured angle differs between the suppressed and unsuppressed 
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configurations, to compensate for differences in the referenced center of 
measurement). The "core jet" data is the sum of the values measured at the 
two locations downstream of the core ‘exhaust plane (See Section III.C.2). The 
data indicates that, for the unsuppressed configuration, the dominant aft noise 
source is the fan exhaust, followed by the core jet. In the case of the treated 
nacelle, the contribution from the fan exhaust is reduced to the level of the 
core components. The core component levels are lower than for the unsuppressed 
case, due to the combined effects of reducing the jet velocity (opened nozzle), 
and core acoustic treatment. 

Figure IV C-8 shows the fully suppressed component spectra from the fan 
inlet, fan exhaust, and core, all measured at the maximum forward angle. In 
this and all remaining figures in this section, the "core" component refers to 
the sum of all three aftmost engine measuring positions. The "core" noise 
(core and core jet) is seen to be the dominant forward noise source at all 
speeds, being greater than even the suppressed fan inlet noise. 

Figures IV C-9 and IV C-10 show the directivity of the dominant suppressed 
engine fan pure tones (within the frequency range measured by the array) , at 
5100 and 7100 (max) RPM. It can be seen that the major tone sources are the 
inlet and fan casing, even at the aft angles. It should be remembered, at this 
point, that these tones are highly suppressed, and are well below the other 
engine component noise levels; so they will have no effect on sideline noise. 

Figures IV C-ll through IV C-19 are directivity plots for suppressed 
engine component broadband noise in the 1.25, 2.5, and 5.0 KHz third octave 
bands, for all three speed points. These show the dominance of core and core 
jet noise below 2.5 KHz, at all angles; above 2.5 KHz, there seems to be no 
consistently dominant source. 
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The measured Inlet and fan exhaust suppressions achieved for both broad- 
band noise and pure tones are shown in Figures IV C-20 through IV C-22. Pure 
tone suppressions on the order of 55 to 65 dB were recorded; the peak broad- 
band suppression achieved was 38 dB (one- third octave measurements) . Also 
indicated are the predicted suppression values; it is apparent that the broad- 
band fan noise suppressions seen by the array are close to these predictions , 
especially for the low speed point. The fact that the measured broadband 
suppression performance is below predictions especially for the fan exhaust 
at the higher speed points is another indication of the possible presence of 

t 

some sort of flow noise floor. 

D. Nearfield Microphones 

Figures IV D-l through IV D-27 are plots of the one- third octave SPL 
spectra recorded on all the nearfield microphones at three power settings, 
comparing splitters forward to splitters aft data. (Microphone "G" was 
inoperative and is not included) . Figures IV D-28 through IV D-36 are the 
corresponding 20 Hz narrowband SPL spectral comparisons from three represent- 
ative microphones; "B" (forward of the inlet), "E" (plane of fan rotor), and 
"H" (downstream of the fan exhaust, at the core exit). AT 5100 and 6200 RPM, 
the splitters forward configuration seems to exhibit broad levels from the 
inlet and inlet casing area which are higher than the comparative splitters 
aft data. The data from the microphones aft of the fan plane indicate no 
significant differences between the two configurations; nor are any differences 
indicated at any microphone position for the maximum power setting. 
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A "leakage” of high frequency fan noise (fan harmonic tones) through the 
inlet treatment is apparent on the microphones forward of the inlet. This is 
of course especially true for the 5100 RPM setting, since the fan inlet treat- 
ment is "optimized” for the suppression of the fan tones at maximum power. To 
a lesser extent, fan harmonic tones are also present in the spectra for the 
inlet casing and fan exhaust areas, but these become indistinguishable at the 
higher power settings. Although the probe data shows the fan exhaust source 
noise to be higher than that for the inlet, the high frequency fan noise 
recorded on the nearfield microphones is greater for the inlet than for the 
fan exhaust area, at all power settings. On the farfield (100* arc) microphones, 
this leakage is apparent only at the most forward angles (0° to 30°); it would 
therefore have little effect on the noise projected to a sideline. 
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NO. < 340 -^ 3)0 DIE TZGEN GRAPH PAPER 
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semi-logarithmic 
3 CYCLES X 10 DIVISIONS PER INCH 


EUGENE DIETZGEN CO. 

MADE IN LI. S. A. 
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SHBBiBBBBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIilBHII]ll| 
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^^^HBBIIIIIIIIBIIIIII lilllllllllllllllllllllllllllllll! 
■■■BBBBBBIIIIIIIIIIIIIIII IIIIBBIIBIIIBIIIIIIIIIIIIIIIIIIIII 
l■■BBB ■■■■■■■^^■■■HI■^H IWIIIBIBBIBIimilHHINjSIiSSI 


llillllllll IIIIIIIIHillBIIIIHIIIHHIIHIlIHlIlWBBBBBBIl 
'1 ! 1 tllilll lllNSliinilimHHBBRBIBII 

giiirifwi iiHiiiiiiiiiiliiiiiiiiiiiiiiiaMniiiw iBBBiBii^^^^^^^^^^^^^^MI 

bbbrribi 

BBBBBHHBBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIKIIIIII ■■■BBBBB 


l■BBBBBB4in■Hil^«l llll I IIIII BHIIIMI HID IIIHIIHI III Hi 
IHBBiBBB Z 1IBUBBIII IIIIIIIIIIIIBIIIIIIIIIlIIllllllllllHllll 
iBnBBBBBfeiiinuiiiimiiiiiiHiHiiiiiiiiiiiiiiiiiiimiil 
■■BRaBHatlSIlIBBIII IIIIIIIIIIBIBBIIIMIIIIIIIlimillllllll 
l■■flBRBBiamlllllllllHlllll■■■■llllllBlHllHmlmlllll 
SHRBBBBIilllUIIIII lllllllllllllil IfHHIIIllIIUiinniMl 
^■■■■■—WM iiniimiiiniiimmmmiiiiiHiiiiiinn 
■Hniiiiuiimiiiiiiiiiiiiiiimimiimiiii 
lifliii iniiiimiiBBiiiiiiiiiiiiiiuiiimiiiii 
Wmm iiiiiiimiiiiiiiifiiiiiiiiiHinii \ 
iiiiiaiiiiiiiiiiiiiiiiiimHiiiiiiiiuimnmiii 

■ ■■mil iiiiiiiiiiiiiiiniiiiiiiiiiimmiiiiiii 
inn mimiiiiiiiiiiiiiiiHiiiiiimimiiii 


IBBBBIIIIIIIIHI llillllllll 


H BBBBBIIIIIIIIIIIII!llllllimillHIIIIIIIIUIMIlll]!llll 
IBRBflBBBBBIBIIIfllllllllllf IIIIIBIIBIIIlIIllllllflinilMllllIll 

B |HBBRBBBIIIIIIIIIIIIIIIIillllllllllllllllllllltllllllijllll| 
IbIB B BBB BB HIBII IIIII III Him IIIIBI IIIII IHIIUIII nflllfllll I 
l■■■R■l■lllllllmllll^Mlll■llllllulllM^lllUH>l^ll| 
sBM BBBBBBiiiiimiiiimiiiiiBmninniBmnniHiiiiii| 
!■■■■■■■■■■■■■■■■■ 


iitiBiiiimiue’JiiiiNiiifmiiiHnBfl 
IIIIIHIIigillllllllllH!lllltllliHB»BB 
IlllllllllillllllEllllLtiitllllii VMMBBBe 

iiiiiiiiRiiniiiiitiiuimiim^jBuB 


■■■Biiiiiiiiiiiiiiiiiiiiiiiiiiimiiii 
rniiHii iiiBiiiiiHiiiimiiiiiiimiii 
■■■■piiiiiiiiiiiiiiiiiiiniHiiimi 
finii in iiiumiimiii 

niniiiiiii 


i iiiimiinii 

IllllUlllllt 


iBBiBiimiimiiiiiiiiiiimiimiiiiiiiiiiiiiiiimiiii 

iBiBBiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiinumiii 

■■■■■iMiiiiiiiiiiiiiimiiiiiiiiiiimiiiiiiiiimmil 


■i Ji iiiiiimimiimirmiiiiiiimiiiii 
MBBIIIIIIIIIIIIIIIHIIIIIHmilllllliiilllllllllllllllll 
nBIBBBBIIIIIIIIIIIIIIIIlllllllllllllllllllllllllllllllllll 
■■BBIBIIIIIIIIIIIIIIIIIIIlilllllllllllllllllllllllllimi 
■BiBiiimiiiiiiiimiiiiiiiiimiiiiiiimiimiiiuii 
BBaBiiiiiiiiiuiiiiiiiiiimiiiiiiiiiiuiiiiiiiiiimii 
■r^BBiBiiiiiiiiimiiiuiimimiiiiiiiiim^niiitii 
■SBBBBaBiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiminn 
■■■R^iiiiiiiiimiiHiiiimiiiniiiiiiniiiiiiiiiiiniiii 

■■■RKSJBBP^IIIIIIIIIIIIIIIIIIIIIIHmimillllUlHipil’l 
■■■BBBIBr!alllllllUIWIUIIIIIII^^IIIIlillillllllMm:!2 
■■■BBBiiji^muiHimiiiHiiiiimniiifiiiiniiuimii I 
■■BBBBBBIIIIIIIflllllBIIIIIIIIIIIIIIIIIIHillllil||niljlll 
■■RHBBBBimillllH^lllllP^IIIIRIIIIIIllIllIllilkllffli 
SBHBBBBIBBIlirolHIIIflllliriilllllllllllllllllllffllllllli 
BIBBBIBIIIb.llHIIHIIIIIIIIIIIIIIIIItlltIHimiHIlIlt 
■BiiBiiimiiiiiiimiiiiiiiiiiiiiiiiiinwimiiHiiii 
■BBBBIimilllllWIIIIllllllllllllllRIIIHIIillimill 
■■■BBBBBBIIIIIIIIIIIbaillllllHIIIIIIIIHIIIIIIfllllllllllll! 
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iBMBiBii miHiHiHiimmiiiiiiiniiiiiBiHiminMi 
■■■MiiiiiiiiiiiiiimiiiiiiiiiinniiiHiiiiiiiiiin 
iimii iiiiiiiiii ii immiiiii 


gimi iiiiiiiiiiiiiiiiuiiiiiiimmiiiiiiniMHUBiBaiiii«HiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiwiiiifiiniB»i 
^^^^^^^■■illlllllllllllllllllllllllllllllllllllllllllllBHHBBBIBBIIIIIIIKIIIIIIIIIIIIIIIIIIIllllllllinilllllllllllHHI 
^^^^■■■piHiimiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiifmMRBBBBBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiMn 

^^^^■iBBIBIIHIIIIIIIIIIIIIIlBIIIIIIIIIIIIIIIIIIIMIIIIII«HMBRRBBIIIIIIIIIIIIIIIIIlilimillllllIlllllllllllllllllMM 
PHBHiBBiimMiiiii iiiimiiiiiiiiiiiiiiiiiiiimniiiiiiinHHHBBBBBiiiiiiuiiiiimiiiiiiiaiiiiiiiiiiiiHiiiEiiiiiitmHi 
HBMBBiliBBBIIinK'ini lllHlIIunilllllllllllllllllllllllllllHHHBBBBBBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlilllllllllllimilHn 
^^^■BBBBBBmiiiiRiiiiiiiiiiiiiii||ii!liiiiiiiiiiimiiim«HHBBaBBBiiiiiiiisiiiiiiiii|!iiiaiiiiRiiiiiiiiiiiiiiiimiiHn 
^^HBBHBBIIiniHIIIIIIKIIIIIIIl|l||glllllllllllimillllI<felHMBaBBBBIIIIIIIIIIIIIII||jjiiBIIIIIIIIIIIIIIIIIIIIIIUIIMn 
iiHHmmimiiiiiinlTiiiBiiiiiiiiimiiiiiiHnBBHBBBBiiiiiiiiiiiiiiinVTTfiiiiiiiiiiiiiiiiiiiiiiifiiiiMHi 
iSllBBIIIIIIIimillllllllllllimillllllllimHIIIIIIHMBBflBiBIIIIIIHIIMM» l P'K»*”mi!''UlllllllimitlllHHg 
■■■BBBflBBIIIBIIIIIIIIIII!llllllllllllllllllllllillilimi«HBBBBBBIIIIIIIIIIIBilUUD!^^SEinil^:Ulllllllllllimnm 
SuBBBBBBBI«llimilllllliillllllllllllllllllllllimillllllWBBBBBBBBBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIilllllHlinHI 
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IBBBBBBBIIIBIIIRIIBIHlIIIIIIIBIIIIRIIIIiniRlilTHIIllllil 
IHBBBBIinilllllBIHIIIIRIIIIIIIIIIIIHIIIIIIIIIIIIIIIIil 
IBBBBBIBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIUIItlllllllllllll 
B ■■ ■ BH illUBIIIBIIIIIIIIHIIIIIBIIIBIIIIHIIIIIIIIIIIIIIIll 
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IBBIIIBIIIHIIIIIlHIIIIIIIlllllllHIIIIHIIIIHIIIIIIIIfll 
IRBflBllllllIHHHIIIIIMHBIUIIVRIllllHHfllilllllN] 
(■■BBIBIBIIIIIIIIIIIIIIIliffllllllBIIIUIIIIIIIIIIIIIilllg 

laaRBiBiiiiiiiiiiimiiiiiiiiiiiimiimiiiiiiiiiiiiiiiiil 

IRaRBBBIIIIIIIIIIIMIIIIIHIIIIIIIIIIIIIHHIIllIllltlllll 

mBBiBiBiHiiiiiimiiiniiiiiiiiiiiiniiiiiiiiiiumiiil 

lUBBBBBIIIIHIIRIRRIIIIIIINBIIIIIIIRIIIIIIIIIIIIIIIIilllll 
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ettKflBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiil 
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NO. 3-4D-L31D DJETZGEN GRAPH PAPER 
SEMI-LOGARITHMIC 
3 CYCLES X ID DIVISIONS PER INCH 


EUGENE DIETZGEN CO. 

MADE IN U. S. A- 
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ffi si a> CD - 


■■■mm iiniinmnimiinimnimiiimiMi 

■■ViMMIIIIIIIlIllllllllllllllllllIIllllIIIIIIHM! 

■■■■■■■IIIIIIIIIIII1IIIIIIIIIIII11IUIBKIII1IIII1IIIIHM 
■Hi— MHiiiimnHimBBiHiHiHiiiiniimiiiM 
■■Hiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiim 

^■fnHiiiiiiHmiiimiiHiiiiuiimiiiiiiimiBH 
fitf'i’niiiiNiiimimiiiiiiiiiiiiiimiiiiEiiiil 


tn a 'J ffl ® -* 


a si a> cd o 


■BB¥?H 9 MM la ll | l|PIMH | MfllllllllHIIIIIIIIIIINI)l)l 


gwMHiiiiw jaiilBwn iiiiiiiiiiimimmiiHiiiiiMiiiiiii MMBBBaBaninmiiiiinnimiinnmninnimm[imii 

HHiiiiBilMilllll IlllllIHIIIIIIimilllllllllllliHllljlHHMBBBBMMHMMHBBBaMMMMHMBaBMMM 


mHHHHBaBiiiiiiiiiiimiiiiiiiiiBiiimiiiiiiiiiiiiiiiiiiiii 
mm iiimiiiiiiiiiiiiiimiiiiiiiiiiiiil 

■■■■■■■lllllllllllllllllllllllllllllllllllllllllimillllll 
■■■■■■■■ill ii iiiiiinniiiiiiiiiiiiiiiiniiiiiiiiiiiil 

■■■■■■■■■mi uni mmiiiiiiiiiiiiiiiiiiiii 

«■ ■■■■■■uni iimiiiim 15IHI iiiimiiiii 

■jiiiBgHBHHiiiiiiiimiiiiimiiiiiiiiiiiiiiiiiiiimiiiiiiiiil 
^^^■■■■HiiifliiiiiiiilHliiiiiiiiiiiiiiiimiiiiiinSniHMiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiniiiiiiii 

—■ mmiwimiiiiniiMianiiiiiiiiiiMiiiiiiiiHiH— ■■■■■■■■■■■■■iiimniniiHMmiiiiniiiiiiiHiiHHmil 


^■kiiiiniiiiiiiiiiiiiiiiiiiHlIlilillliilliiiiliii mil 
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SiiiiiimiHiiiHigiiiMiuiiiinHiiiiiiiiiiiiiii 

■I ■■■llllllllll III Ml 111111111111111 1 1 ID KM Dili 
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iMHT^MIIiniMUIIIIIilllUIIIIHIIHIIIIIIIIIIIimill 
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Em imiiiiHiiiiiiiiiiii ® iiimiiiiii m 

■■■■■■iiiiiiiln j!llll■■a■ll■llllllHllllJll^lllll1fl 
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■■■■■■■■■■iiiiuiiiiiiiiiiiHiiiiiiiiiimiiniiifiiiiiiil 
■■■■ ■■■■mmiHiimiiiiiiMmuiHHiiiHiiiiimmiil 
■■MaaaimiiiiiiiiiiiiiiiiiiMiimiiiiiiiiiiiiiiiiiimil 

■■■^■iiiiiiiifliiiiiHiiiiiiiiiiiiimiiiiiiiimil 
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[■■■■■■■■B[IBHHHiMllllllllltlllBlllllMMHIHIIIIIIIIII!IHlMMB|BBBgaa|BMHHIH|lillHIIIM— HIIIHHIItHIlWHtllMBBWl 
^HBBiiiiiiiiiiniii iiuiiiiiiiMiiiiiiiiniiiiiiiiiiiiiiUimMBBB 5 aiiiiMiiiMiiuiHniiiinHiiiiiiiiiiiniiiiiiiiiHM«BBai 
ma— — amHimiii ihiiiiiii«b»iiimiiiihihiiiihiiiihwbbbbmbmhhh— mmiiiaiMinmmuiimnmniiiM mBBai 

■BBM|Mailll«lllllll lllllllllli llllllllll nil! Hill if fUlllBIRB UIBI liaBMHHj 

■niiiBfKi;iiii iiiiiiiiiii umiiiffji miiniuiui mills imili iimnimiSn 

gnaaiiHiiiiiiii iiiiiiiiiii iiiimmiiiiiiiiiii ■■■■■■ HiiiHiiniMag 

gaaaaii^ im in iiiiiiiiiii imiiiiiiimiiiii ■■■■ w iininiii immimiiiiinM 

la iimiiiiiiiiiiiiimi iiiiiiiiiiimiii! n ii imiiiiiu ii ii ^iiiiiiiiiiiiu 

iBaaaiiiiniiiii iiiiiiiiiii iimiiiimmiii ■■■■■■■■■ iiiiiiiiiiiiimi n iiiiihiiiiiiiiiii; 

is iiiiiiiiiii iiiiiiiiiii ii iiiiiii iiiiiiiiiiiimm ii ii 5 iiiiih iiuiiiiiiimiiiii 

!■■ 11111111111 milium hi iiimmii a iiiiihiiiiiiiiiii h i iiiiiimtviiiiiiinii 

IBaaBiiiiiiHiii iiiniiim m ii iiiiiiiiiiihe ■■■ iiimmii in ^iimiiiiiiiiiiiiI 

iBaBaiHiiiiuii iiuiiiiiiiiiiimiiiiiiimiiiiwiiiiii in ■■■iiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiB _ 

^^■liBaiiiiMiiin iiiiiiiiiiiMiiiiiiiiiiiiiimiiiiiiiii«MHBBaBaaiaimiiiiiiHiiiiuiiiiiiiiiiiiiHiiiiiiiii]iii[iiMMHBaaaiiiiiiiii^^HIHHHIHHlHH 

^^fcaillllii wai miiiinimMMn iiimiimnniiiHWBBBaaaiiinmiKHiiHHiiiim— HmmiiiniiiiiiiHiBfBBBaaaainiiMHuiHiiiHiaiiiiiiniiniiiinuHimiiiB 

imiiiiiiiiumiHiiBaiMBBaaaaiiiMwniiHMiiMBMmmiiHiiiBiiiiHiiiH'— ■■■■aaaaimmiiininiirifciiiiiinnHiiininiiiiiiiiil 
^^^^^^^^^■»iiiiiiiiiiiiifllHiiiiiiiiiiiimiiiiiiiMM«BBBaaaiiiiiimiiHiiijifTTiiiiiiiiiiiiiiimtiiiiiiii»MMMBBBaaaaiiiiimiiHmiiiiIliiMiHiiiiiiiiiiiiii|i|iMii 

^^^^^^^MiiiiiiiiiiiiiiiiiiiwiiiiiiiiiimiiiiiiiMB»BBaMiiHiiniiiiUMi^L^ti[]in;^HaiHiimiiiiiaiMBBaBaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiMMl 


wi iiiiii akamiHiiiiiaiii 
■MMMMinHilllllMlIIIII 


gngM|iHiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
■■aaaaiiiuuiiiiiiiiiiiiiniiiiiiiiiiiiiiiiuHiimiiii 
■iaaammiiiiiiiiiiiiMiiiHiiiiiHiiiiiimimiiiiiiii 
l■■■■■■■■B■llll■llllllllllll■■■■l■llllll■llllllllllllllllll 
l■■■B■■l■HIIIIIIIIIIIIIIIII■■■ll■■llllllllllllllllllllllll 




■■aaainiiiiiihfeiiiiiiiiinfl 

IHBBBaaillllllllllllllllllllllllllllllH 
iMBBBaBaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

i ■■■■■■■■■ ■ im iiib i ii min iBiia ■ aiiai imi mu ii hi i mi i 


iiiiiiiiiHiiiiiiiiiiiiii 


gaaiiuMHiiiiiiiimjlai 
iaaiiiiiiiiiiiiiiiiMiij 
Hiimiiiiifiiiiiii 

RWBBBaaaiiiiiiiiiiiifiiiiiiiiiiiiiniiiiiiiiiiiDiiiiiifiin 
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KTH PWL, dB (re 10" 13 WATTS) 


FIGURE IV A-30 


TF3 2 * INLET SOUND POWER SOURCE PROFILE 

• FAN FUNDAMENTAL FREQUENCY 

• 5100 RPM 


150 r 


o BASELINE - PROBE #1 (TEST l) 

A SUPPRESSED, SPLITTERS ATT - PROBE FT2 (TEST 3) 

n SUPPRESSED, SPUTTERS FORWARD - 
LJ PROBE PT2 (TEST 2) 




• FAN FUNDAMENTAL FREQUENCY 

• 6200 RPM 

O BASELINE - PROBE #1 (TEST l) 

A SUPPRESSED, SPLITTERS AFT - PROBE PT2 (TEST 3) 
□ SUPPRESSED, SPLITTERS FORWARD - PROBE PT2 




• FAN FUNDAMENTAL FREQUENCY 

• MAX POWER 

O BASELINE - PROBE #1 (TEST l) 

A SUPPRESSED, SPLITTERS AFT - PROBE PT2 (TEST 3) 

rn SUPPRESSED, SPLITTERS FORWARD - 
U PROBE PT2 (TEST 2) 





20 Hz BANDWIDTH FWL, dB (re 10' 13 WATTS) 


FIGURE IV A-33 


TF34 INLET SOUND POWER SOURCE PROFILE 

• FAN SECOND HARMONIC FREQUENCY 

• 5100 RPM 

O BASELINE - PROBE #1 (TEST l) 

A SUPPRESSED, SPLITTERS AFT - PROBE PT2 (TEST 3) 

□ SUPPRESSED, SPLITTERS FORWARD - PROBE PT2 
(TEST 2) 



j 


BAN WIDTH FWL> dB (re 10~ 13 WATTS) 


FIGURE IV A-34 

TF3^ INLET SOUND POWER SOURCE PROFILE 

• FAN SECOND HARMONIC FREQUENCY 

• 6200 RPM 


O BASELINE - PROBE #1 (TEST l) 

A SUPPRESSED, SPLITTERS AFT - PROBE PT2 (TEST 
□ SUPPRESSED, SPLITTERS FORWARD - PROBE FT2 


IMMERSION, INCHES 







FIGURE IV A-35 

TF34 INLET SOUND POWER SOURCE PROFILE 

• FAN SECOND HARMONIC FREQUENCY 

• MAX POWER 


O BASELINE - PROBE #1 (TEST l) 

A SUPPRESSED, SPLITTERS APT _ PROBE FT2 (TEST 3) 
□ SUPPRESSED, SPUTTERS FORWARD - PROBE PT2 
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FREQUENCY, Hz 

T?3k FULLY SUPPRESSED NACELLE 

PREDICTED vb. MEASURED SUPPRESSION ACROSS TREATED INLET TREATMENT (TONES ONLY) 

MAX POWER 
FIGURE IV A-42 
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TF34 FULLY SUPPRESSED NACELLE 

PREDICTED vs • MEASURED SUPPRESSION ACROSS TREATED FAN EXHAUST TREATMENT (TOTES ONLY) 

MAX POWER 


FIGURE IV A -43 
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FIGURE IV A-kk TF3 2 * FULLY SUPPRESSED NACELLE CORE NOOESE TESTS 

PREDICTED vs. MEASURED SUPPRESSION ACROSS CORE EXHAUST TREATMENT 



SPL (20 Hz BW) CORRECTED FOR BG NOISE 


©173 



Axial Distance in Inches (Forwarcnof Fan) 


FIGURE IV B-l 

FUNDAMENTAL, SECOND HARMONIC, AND THIRD HARMONIC 
DECAY IN THE FAN INLET WITH AXIAL DISTANCE 

NF = 5100 RFM 
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SPL (20 Hz BW) CORRECTED FOR BG NOISE 


FAN INLET KULITES 
SPLITTERS IN AFT POSITION 
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Axial Distance in Inches (Forward of Fan) 

FIGURE IV B-2 Q 91 

FUNDAMENTAL, SECOND HARMONIC, AND THIRD HARMONIC 
DECAY IN THE FAN INLET WITH AXIAL DISTANCE 


NF = 5100 RPM 















:0 Hz BVJ) CORRECTED FOR BG NOISE 
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SPL (20 Hz BW) CORRECTED FOR BG NOISE 
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Axial Distance in Inches (Forward of Fan) 

FIGURE IV B-4 

FUNDAMENTAL, SECOND HARMONIC, AND THIRD HARMONIC 
DECAY IN THE FAN INLET WITH AXIAL DISTANCE 

NF = 6200 RFM (REPEAT) 
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Axial Distance in Inches (Forward of Fan) 

FIGURE 17 B-6 

FUNDAMENTAL, SECOND HARMONIC, AND THIRD HARMONIC 
DECAY IN THE FAN INLET WITH AXIAL DISTANCE 

NF = 7040 RPM 
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FIGURE IV B-7 

FUNDAMENTAL. SECOND HARMONIC, AND THIRD HARMONIC 
DECAY IN THE FAN INLET WITH AXIAL DISTANCE 

NF = 7030 RFM 



. FIGURE IV B-8 

FAN INLET BPFx SUPPRESSION PER L/H 
(FROM KULITES #3 & 6) AS A FUNCTION 
OF FAN SPEED. 
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SPL (20 Hz BW) CORRECTED FOR BG NOISE 
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AXIAL DISTANCE, INCHES (PROM Kl) 

FIGURE IV B-9 


FUNDAMENTAL, SECOND HARMONIC, AND THIRD HARMONIC DECAY 
IN FAN EXHAUST WITH AXIAL DISTANCE. 

NF = 5100 RPM 
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FAN EXHAUST KULITES 
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FIGURE IV B- 10 


LOO 





SPL (20 Hz BW) CORRECTED FOR BG NOISE 



FIGURE IV B-1I 

FUNDAMENTAL, SECOND HARMONIC, AND THIRD HARMONIC DECAY 
IN FAN EXHAUST WITH AXIAL DISTANCE. 

NF =6200 RFM 


101 




FAN EXHAUST KULITES 
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CROSS -CORRELATION COEFFICIENT, KULITE #2 TO KULITE #3 


FIGURE IV B-16 


TF34 FULLY SUPPRESSED NACELLB 

CROSS -C QRRELATI ON ANALYSIS OF FAN EXHAUST 



TIME DELAY, 7 (MILLISECONDS ) 



FIGURE IV B-17 

RATIO OF MEASURED KUUTE SIGNAL TO ACTUAL ACOUSTIC FLOOR 

• TF34 QUIRT NACELLE FAN EXHAUST DUCT 

• MAX POWER 

o INLET SPUTTERS FORWARD (TEST 2) 
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60 FT. ARC SPL 


FIGURE IV C-l 


TF3** FULLY SUPPRESSED NACELLE 
UNCORRECTED ARRAY DATA 

• MEASURING ANGLE - 50° 

• ARRAY POINTED AT INLET 

• 5100 RPM 




FIGURE IV C-2 


TF3 1 * FULLY SUPPRESSED KAngl.TJ! 
UNCORRSCTED ARRAY DATA 

• MEASURING ANGLE « 110° 

• ARRAY POINTED AT FAN EXHAUST 

• 5100 RPM 




FIGURE IV C-3 
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TF34 FULLY SUPPRESSED NACELLE 
UNCORRECTED ARRAY DATA 

• MEASURING ANGLE - 50° 

• ARRAY POINTED AT INLET 

• MAX POWER 

• 20 Hz BANDWIDTH 







50 FT. ARC SPL 


FIGURE IV C-4 


TF3^ FULLY SUPPRESSED NACELLE 
UHCORRBCTED ARRAY DATA 

• MEASURING ANGLE - 110° 

• ARRAY POINTED AT FAN EXHAUST 

• MAX POWER 
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BASELINE CONFIGURATION 
(120° Referenced to Fan Discharge Plane) 



FULLY SUPPRESSED CONFIGURATION 
(110° Referenced to Core Discharge Plane) 
(TEST 2) 


FIGURE IV C-5 

TF34 ENGINE COMPONENT SPECTRA AT MAX AFT ANGLE ' 
APPROACH (5100 RPM) 
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BASELINE CONFIGURATION 
(120° Referenced to Fan Discharge Plane) 
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Frequency, KHz 


FULLY SUPPRESSED CONFIGURATION 
(110° Referenced to Core Discharge Plane) 

(TEST 2) 


TF34 ENGINE COMPONENT SPECTRA AT MAX AFT ANGLE 
(6200 RPM) 


FIGURE IV C-6 
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BASELINE CONFIGURATION 
(120° Referenced to Fan Discharge Plane) 



(TEST 2) 

. TF34 ENGINE COMPONENT SPECTRA AT MAX AFT ANGLE 
(7100 RPM) 

FIGURE IV C-7 
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Frequency, KHz 
(TEST 2) 


FULLY SUPPRESSED TF34 ENGINE COMPONENT SPECTRA AT MAX FWD ANGLE (50°) 

"FIGURE IV C -8 


Sound Pressure Level, dB 







Measurement Angle, Degrees Prom Inlet 


FULLY SUPPRESSED TF34 FAN DIRECTIVITY FOR FUNDAMENTAL (3300 Hz) 

AT 7100 RPM (TEST 2) 


FIGURE IV C-10 
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SB IV C-ll 

SOURCE DIRECTIVITY AT 
* 1.25 KHz (FULLY SUPF 










Measurement Angle from Inlet re Core Discharge Plane 

FIGURE IV C-12 

TF34 BROADBAND SOURCE DIRECTIVITY AT APPROACH POWER (5100 RFM) 
AT 2.5 KHz (FULLY SUPPRESSED CONFIG.) 





1/3 Octave Band SPL, dB 



Measurement Angle from Inlet re Core Discharge Plane 

FIGURE IV C-13 

TF34 BROADBAND SOURCE DIRECTIVITY AT APPROACH POWER (5100 RPM) 
AT 5.0 KHz (FULLY SUPPRESSED CONFIG.) 




1/3 Octave 



Measurement Angle from Inlet re Core Discharge Plane 
FIGURE IV C-14 

TF34 BROADBAND SOURCE DIRECTIVITY AT 6200 RFM, 1.25 KHz 
(FULLY SUPPRESSED CONFIGURATION - TEST 2) 






Measurement Angle from Inlet re Core Discharge Plane 


FIGURE IT C-15 

TF34 BROADBAND SOURCE DIRECTIVITY AT 6200 RPM, 2.5 KHz 
(FULLY SUPPRESSED CONFIGURATION. 



1/3 Octave Band SPL, dB 



Measurement Angle from Inlet re Core Discharge Plane 
FIGURE IV C-16 

TF34 BROADBAND SOURCE DIRECTIVITY AT 6200 RPM, 5,0 KHz 
(FULLY SUPPRESSED CONFIGURATION 







Measurement Angle frcm Inlet re 
FIGURE IV C-17 


TF34 BROADBAND SOURCE DIRECTIVITY A1 
AT 1.25 KHz (FULLY SUPPRE 
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FIGURE IV C-18 

TF34 BROADBAND SOURCE DIRECTIVITY AT MAX SPEED (—7100 RPM) 

AT 2.5 KHz (FULLY SUPPRESSED CONFIGURATION - TEST 2) 
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Measurement Angle from Inlet re Core Discharge Plane 


FIGURE IV C-19 

TF34 BROADBAND SOURCE DIRECTIVITY AT MAX SPEED (~ 7100 RPM) 
AT 5.0 KHz (FULLY SUPPRESSED CONFIGURATION - TEST 2) 
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INLET SUPPRESSION AT MAX FWD ANGLE (50°) FAN EXHAUST SUPPRESSION AT MAX AFT ANGLE 

( 110 °) 

FIGURE IV 020 

TF34 FAN TREATMENT SUPPRESSION FROM DIRECTIONAL ACOUSTIC ARRAY 

NF = 5100 RPM (APPROACH) 



INLET SUPPRESSION AT MAX FWD ANGLE (50°) FAN EXHAUST SUPPRESSION AT MAX AFT^ANGLE 


FIGURE IV C-21 

TF34 FAN TREATMENT SUPPRESSION FROM DIRECTIONAL ACOUSTIC ARRAY 

NF » 6200 RPM 
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Frequency, KHz 

INLET SUPPRESSION AT MAX FWD ANGLE (50°) 

FIGURE IV C-22 
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FAN EXHAUST SUPPRESSION AT MAX AFT ANGLE 

( 110 °) 


TF34 FAN TREATMENT SUPPRESSION FROM DIRECTIONAL ACOUSTIC ARRAY 

NF = 7100 RPM (MAX) 
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TF34 FULLY SUPPRESSED NACELLE 


8 FT- SIDELINE NEARFIELD MICROPHONE SPECTRA 
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SPLITTERS FORWARD 
(TEST 2) 

SPUTTERS AFT (TEST 3) 
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V. DISCUSSION OF RESULTS 


The "near field" acoustic instrumentation as described in previous 
sections was used on the TF34 Quiet Nacelle Program for two reasons* First, 
for purposes of "diagnostic analysis" in the event that the suppressed system 
noise levels were not obtained, and second, to determine the noise constituents 
produced by the fully suppressed nacelle. Fortunately, the success of the 
Quiet Nacelle made the diagnostic analysis unnecessary, but the data produced by 
the probes, directional array, and the Kulites was used extensively in a number 
of ways in pursuit of the second objective. 

The noise produced by a turbofan engine, measured at a far field location 
is composed of many separate sources, some with multiple propagation paths. 

All of the major sources have either, complex spectrum characteristics or are 
primarily broadband in character. Since the SPL spectrum measured at any 
particular point is the sum of these separate sources, it is very difficult to 
determine which source makes the major contribution to a given portion of the 
spectrum. The problems which result from this multiplicity-of-broadband-sources 
are many but include: 

o the identification and ordering of controlling noise sources and 
propagation paths ; 

o the evaluation of component suppression; and 

o the identification of "new” noise sources. 

These problems are discussed in this section by presenting examples 
of the use of data from the "near field instrumentation." 
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A. 


Identification of Noise Constituents 


In designing and evaluating suppressed nacelles for turbofan engines, there 
is always the problem of ’’overdesigning" in terms of suppressing a particular 
noise constituent, either through poor design or because of the existence of 
a noise floor not considered in the initial design. The directional array is 
a particularly useful tool in this area. For example, in Figure V A-l , the 
directivity characteristics in terms of 500 foot sideline PNdB are shown for the 
fully suppressed nacelle. The lines through these data points have been drawn 
to indicate what might be the first cut approximation of aft radiated and forward 
radiated noise. One would assume normally, that noise from the inlet would 
show a peak in the forward quadrant while the aft noise sources would peak in 
the aft quadrant and decay at forward angles. Additionally, the reasoning would 
go, that if further reduction were needed at an angle of 50°, then treatment 
should be added in the inlet. The fallacy of this line of reasoning is illustrated 
in Figure IV C-8 where the noise consitutents as measured by the directional 
array (at 50°) are shown for three engine power settings. In the plot at the 
bottom of the figure (5100 RPM) , the inlet radiated noise is seen to be lower 
than the "core noise" over the frequency range important to the PNdB calculations. 
The same trend is observed at the other engine power settings. Consequently, 
if noise reduction at 50° was attempted with additional inlet treatment, total 
failure would have resulted leaving the treatment designer wondering why his 
treatment did not work. As a matter of fact, the data on Figure IV C-8 shows 
that if anything the inlet suppression is too large for a well balanced design 
and treatment could be removed with very little noise increase. 
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In a turbofan (both suppressed and unsuppressed) , It is difficult to 
determine the difference between jet noise and fan noise in the frequency 
region where they cross, e.g., 500 - 1000 Hz. The acoustic probe data, both 
inlet and exhaust, can be used to calculate the fan power level spectra 
independent of the jet noise. Comparison of the farfield and probe-determined 
PWL spectra (or SPL spectra if fan noise directivity is sufficiently known) 
can help define the low frequency fan noise spectra. Figure IV A-13 through 15 
are examples of this use of probe data. Hie farfield determined spectra is 
distorted by the ground reflection nulls but the crossover point is seen to be 
400 - 800 Hz depending on the power setting. The probe-measured low frequency 
fan noise in these figures has large tones which occur at the fan once- 
per- rev and harmonics. (These strong tones do not appear in the probe measured 
spectra with the suppressed nacelle. Figure IV A-5 shows, for example, a 
comparison of the baseline and the two suppressed nacelle exhaust probe spectra). 
The value of determining the low frequency fan noise is obvious when a system 
suppression design utilizes jet noise and fan noise suppression simultaneously, 
as discussed in Section V.B. 

One final example of the use of two supplementary measurements together 
is in separating high frequency core noise and jet noise. When two sources 
appear to emanate from the same point: on the engine then the directional array 
is incapable of distinguishing between the two. When the array is pointed 
toward the core exhaust, the noise source detected could be either the jet 
noise generated in the vicinity of the core nozzle or noise generated in the 
core engine propagated out the core nozzle. Figure V A-2 shows, for two power 
settings, a method for separating core noise from jet noise. The calculated jet 
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noise for the baseline engine and the suppressed nacelle (fully treated) are 
shown on each plot. Opening up the nozzle areas dropped the fan and core 
velocity enough to produce an expected jet noise reduction. The directional 
array, when pointed at the core nozzle, produced a spectrum in agreement 
with the predicted spectrum at maximum power but substantially higher at 
5100 RPM. In order to confirm that at the 5100 RPM power setting the array 
was detecting core noise and not jet noise, the probe determined core noise 
power spectrum was extrapolated to the 50' radius and plotted as the line 
on Figure V A-2. Although a little higher than the array would indicate, 
this probe data provided additional evidence that the core generated noise 
was indeed the predominant source at 5100 RPM. 

B. Evaluation of Fan Noise Suppression 

The fan noise suppression system on the Quiet Nacelle Program was designed 
to achieve a fan noise suppression level of 26 PNdB, taking the fan noise 
below the jet noise floor at the maximum power, static, condition, (In 
flight with a relative velocity reduction on jet noise, the full fan suppression 
would be needed in order to achieve a low system noise level). Since it 
was expected that the static jet noise would mask the suppressed turbomachinery 
noise, the directional array was utilized to determine if the design fan 
noise suppression was achieved. 

Figure V B-l shows the narrowband spectrum of the noise measured at the 
maximum aft angle with and without the suppressed nacelle in place. There is no 
evidence of fan noise in terms of blade passing frequency tones, with the 
suppressed nacelle. Fan noise suppression at the tones is large but the 
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difference between the two spectra was 20 PNdB. Again, directional array measure- 
ments were used to determine the suppressed fan noise level. Figure V B-2 shows 
the results of the array measurements at 110° in the aft quadrant, defining fan 
exhaust noise, core noise, and jet noise. In the top of the figure, the three 
constituent spectra are plotted. Since the farfield microphone measures the 
sum of all the sources, the spectra have been added logarithmically and plotted 
along with the "fan noise alone" spectrum. This procedure gives a measure 
of how far the "fan spectrum" lies below the total system noise. The fan 
noise measured by the array is plotted in Figure V B-3 with the maximum aft 
baseline spectra and the measured system noise all extrapolated to a 500 ft. 
sideline. The low frequency suppressed fan noise (below 1250 Hz) has been 
estimated (conservatively) based on the probe data discussed in the previous 
section. A table at the bottom of this figure tabulates the PNL values for 
these spectra. The maximum unsuppressed noise compared to the maximum suppressed 
fan noise is seen to yield a difference of 27 PNdB, confirming the design 
values . 

Use of the near field instrumentation in identifying and analyzing a new 

I 

noise source is discussed in the following section. 

C. Flow Noise 

An example of the application of special acoustic instrumentation to the 
definition of new noise sources is the use of Kulite, probe and mic array 
results of evaluate flow noise. On highly suppressed fan exhaust configurations, 
a broadband noise floor is reached which limits the observable suppression in 
the farfield. A potential source for this floor is the flow noise generated 
by the high velocity exhaust duct air passing over the perforated surfaces 
covering the acoustic treatment on the duct walls and the acoustic splitters. 
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Tliis is shown schematically by Figure V C-l. A similar discrepancy between 
predicted and measured suppression was shown in Figures IV C-20 through 
IV C-22. 


Since the flow noise is broadband in nature, farfield microphone results 
cannot be used to define its contribution to farfield levels, due to masking 
by the jet, core and other potential noise sources with similar broadband 
characteristics. Kulite, probe and mic array results, however, can be used 
to provide an analysis of the noise without these external noise sources. 

Figure IV B-15 presented wall Kulite measurements that had a noise level decay 
similar to that shown on Figure V C-l. Using cross-correlation techniques, 
these measurements were isolated into "pseudo" sound and acoustic signal, 
as shown on Figure IV B-17. The measured levels at 3150 Hz from Figure IV B-15 
were corrected to represent acoustic signal levels using the AOASPL of Figure 
IV B-17. These are shown on Figure V C-2 and compared to the level measured 
by the acoustic probe. The two sets of data show good agreement and would 
indicate a true acoustic floor exists In the duct. Aiso shown on Figure V C-2 
is the predicted flow noise level using the procedure described in Section 
IV. B. These results would lead to the conclusion that the Kulite and probe 
measured levels have confirmed the theoretical prediction of flow noise and 
thus established a modification to the current procedure for designing fan 
exhaust suppressors. Comparison of the data with the acoustic directional 
array results, however, shows that further modifications to the theoretical 
analysis may be required. Figure V C-3 shows the measured max aft angle 
farfield levels (extrapolated to a 500 foot sideline), the measured Kulite 
and probe results extrapolated to the farfield, and the measured acoustic 
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directional array fan exhaust noise. The duct data and predicted level agree 
well with the measured farfield floor. In contrast, the directional array 
fan exhaust noise is 12 to 16 dB below the floor level defined by the probes, 
prediction, and omni-directional microphone. 

Although the comparison prevents a definite conclusion from being drawn 
regarding flow noise, it does provide a direction for continued analysis. 

In order to establish a lower measured acoustic signal from the Kulite and 
probe data, the cross-correlation analysis should be made with a filtered 
signal at 3150 Hz, This could result in a significant difference relative to 
the results of Figure IV B-17 which was obtained from an OASPL cross-correlation. 

The filtered acoustic signal could be 10 or 15 dB below the pseudo sound, 
and would then agree with the directional array data. The theoretical pre- 
dictions could then be modified to represent a lower noise generation process, 
as a function of the flow Mach number, by matching the measured levels. 

This comparison of farfield, duct and directional array levels has demonstrated 
the usefulness of detailed acoustic instrumentation in establishing new noise 
sources that are possibly limiting the attainment of even higher levels of 
suppression. 
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1/3 OCTAVE BAND SPL 


FIGURE V A- 2 


TF3^ PREDICTED JET AND MEASURED CORE RADIATED NOISE AT APPROACH POWER (5100 RPM) AND 

MAX POWER (7100 RPM), ACOUSTIC ANGLE - 110° 



1 2 3 4 5 6 7 1 2 34567 


FREQUENCY, KHz FREQUENCY, KHz 


O CALCULATED JET NOISE (BASELINE ENGINE) 

□ CALCULATED JET NOISE (SUPPRESSED CONFIG.) 

<^> TOTAL CORE NOISE MEASURED FROM ARRAY DATA 
"CORE NOISE" EXTRAPOLATED FROM CORE PROBE DATA 




FIGURE V B- 1 


TF34 QUIET NACELLE 
50 Hz NARROWBAND COMPARISON 



1/3 OBSPL, dB 1/3 OBSPL 


FIGURE V B-2 


HI RECTI CNAL ARRAY MEASUREMENTS 

• 50 FT. ARC 

• 110° ACOUSTIC ANGLE 

• FULLY SUPPRESSED 

• MAX POWER 
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FIGURE V B-3 


TF34 FAN NOISE SUPPRESSION 

• MAX POWER 

• 120° ACOUSTIC ANGLE 




MAX 500 FT. 

APNL re 


SL PNdB 

UNSUPP. 

MEASURED UN SUPPRESSED (MAX ANGLE 90°) 

113.0 

- 

MEASURED SUPPRESSED (TOTAL SYSTEM )( 120°) 

92.5 

20.5 

ESTIMATED SUPPRESSED (FAN ONLY )( 120°) 

86.0 

27.0 
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FIGURE V C-l 


EPTSCT OF FLOW NOISE OW APPAREHT PERFORMANCE OF ACOUSTIC TREATMENT 



L/H 



FAR NOISE SIGNAL ATTENUATION 
OVER TREATMENT 



20 Hz B.W. SFL, dB, (RE .0002 MICROBAR) 


FIGURE V C-2 


TF3U QUIET NACELLE 
FAN EXHAUST NOISE LEVELS 


• 3150 Hz FUNDAMENTAL 

• 20 Hz NARROWBAND LEVELS 



L/H 

(THROUGH FAN EXHAUST SPUTTERS) 








VI. CONCLUSIONS 

* 

The following are the most important conclusions to be drawn from the 

nearfield acoustic test results: 

1. The near field acoustic instrumentation system made possible the accu- 
rate determination of achieved component suppression levels; this 
could not have been done using only the far field microphones. As an 
example. Figure VB-3 is a comparison of the measured unsuppressed and 
suppressed engine noise on a 500 ft. sideline (max. aft angle); also 
compared is the suppressed fan noise, estimated from the directional 
array measurements. The APNL measured on the farfield microphones was 
20.5 PNdB for the total system; however, the array measurements indi- 
cate that the max. aft fan noise suppression was 27 PNdB, or one PNdB 
better than the goal. 

2. The baseline engine is fan noise dominated as regards the frequencies 
important to PNL calculation. 

3. The suppressed nacelle configuration is "core" (core + core jet) noise 
dominated at all angles, even those in the forward quadrant. 

4. No significant differences in noise generation or suppression were in- 
curred due to the closer inlet splitter spacing employed in this test 
series. 

5. A "noise floor" exists in the treated fan exhaust duct, and is limiting 
achievable fan exhaust suppression. This floor is probably due to noise 
generated by flow over the treatment. 

6. Further testing and analyses employing the nearfield instrumentation 
system is necessary for a more complete understanding of phenomena 
such as treatment -gene rated noise. 
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